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Abstract
We study the effects of chromoelectric and chromomagnetic dipole
moments (CEDM and CMDM) on the production cross section of sin-
gle top tW -channel at the LHC based on the effective Lagrangian ap-
proach. We show that the impact of CEDM and CMDM could be large.
Using the experimental measurement of the tW -channel cross section,
constraints on CEDM and CMDM are extracted. These constraints
are comparable with the ones obtained from the top pair analysis.
1 Introduction
The top quark is the heaviest Standard Model (SM) particle which has been
discovered so far, and might be the first place in which new physics effects
could appear. While the top quark has been discovered and studied in some
details at the Tevatron, many of its properties are being studied at the LHC
with high precision.
Since new physics can show up in the couplings of the top quark with
other SM particles, in particular gauge bosons, the precise measurement
of the top couplings among the top quark and gauge bosons is important.
In particular, the top quark is copiously produced at the LHC, the LHC
experiments are the places to probe these couplings[1].
At the LHC, top quarks are produced primarily via two independent
mechanisms. The dominant production mechanism is the pair production
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processes qq → tt, gg → tt and second is single top production via elec-
troweak interactions involving the Wtb vertex. Single top quarks at the
LHC are produced in three different modes: The s-channel (the involved W
is time-like), the t-channel mode (the involved W is space-like), and the tW
production (the W boson is real). Despite single top has a smaller cross
section than top pair production, it can play an important role in top quark
physics at LHC because this channel has potential to allow a direct mea-
surement of Vtb CKM matrix elements as well as its sensitivity to various
new physics models. However sufficient integrated luminosity and improved
method of analysis can help us achieve detection of single top events at
the LHC. The first observable in single top study is the total cross section
and measurement of any possible deviation from predicted value by the SM.
Therefore, it is worthwhile to investigate the effects of physics beyond SM
on single top quark production.
As it is well-known SM has been successfully predicted experimental
measurements with a great precision. Nevertheless, it is commonly accepted
that it is a valid effective Lagrangian which is applicable at low energies. In
many beyond SM theories which have been studied to date, reduction to the
SM at low energies proceeds via decoupling of heavy particle with masses of
order Λ. There have been many attempts to study the sensitivity of the LHC
observables to various effective operators [2]. Our goal in this paper is to
study the effect of anomalous couplings of the top quark with gluon via tW -
channel of single top at the LHC. We will assume that new physics effects
in tW single top production are induced by consideration of an effective
Lagrangian. Here, we confine our studies to interaction of mass dimension 5
after spontaneous symmetry breaking. The total statistical and systematic
uncertainties in the measurement of cross section for this process at the
LHC is about 25% with an integrated luminosity of 4.9 fb−1[3]. The top
quark is the heaviest quark, therefore effect of new physics on its coupling
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are expected to be larger than for any other fermions and deviation with
respect to the SM predictions might be detectable.
The rest of this paper is organized as follows: In the next section, In-
cluding the effective Lagrangian for gtt coupling, we calculate the analytical
expression for the single tW top cross section production at the LHC. In
section 3, we present the dependency of observables which we study at the
LHC. Then, we find the allowed regions in parameters space of our effective
Lagrangian and compare our results with the results obtained from observ-
ables in production of tt¯ at LHC and EDM of top quark. The conclusions
are given in section 4.
2 Framework and analytical calculations
In this section, we introduce a model independent effective Lagrangian for
the vertex of gtt and look for any possible deviation from SM prediction in
production of tW-channel at the LHC. In this approach, we assume that SM
modified by an addition 5-dimensional Lagrangian which include interaction
of top pair and gluon and consider the effect of this Lagrangian in production
of tW single top production. Coefficients of this Lagrangian parameterize
the low energy effects of the underlying high scale physics. As it is well-
known, the gauge invariant effective Lagrangian for the interactions between
the top quark and gluons which include the CEDM and CMDM form factors
is given by:
Leff = gs t¯λaγµtGaµ + gst¯λa
σµνqµ
4mt
[F2(q
2) + iγ5F3(q
2)]tGaν (1)
where λa(a = 1, . . . , 8) are the SU(3)C color matrices and F2
(
q2
)
and
F3
(
q2
)
are, respectively, the CMDM and CEDM forms factors of the top
quark. Notice that a sizable non-zero CEDM would be the signal of a new
type of CP-violating interaction beyond CKM phase and can contribute to
electric dipole moment (EDM) of neutron. For this reason, experimental
3
bg
t
W-
b
b W-
g t
t
Figure 1: Feynman diagrams for the tW channel of single top
upper bound on EDM of neutron constraint this coupling [4],[5]. In the
following, we use this constraint on parameters space of above Lagrangian
and compare these bounds with our result which arise from tW single top
production at LHC.
Assuming |q2| ≪ Λ, where Λ is the scale of new physics, the form factors
can be approximated by
F3(q
2) ≈ κ˜ F2
(
q2
) ≈ κ for |q2| ≪ Λ (2)
where κ˜ and κ are independent of q2 . The CMDM of the top quark is then
given by gsκ(2mt) ,while CEDM is
gsκ˜
(2mt)
.
As it is shown in Fig. 1, gtt effective Lagrangian can contribute to the
right diagram in tW of single top production at the LHC. We calculate the
amplitude of bg → tW process including CEDM and CMDM effect. This
amplitude is given by:
|M2| = g
2g2s
192
|Vtb|2[ f1
(m2t − uˆ)2
+
m2Wf2
sˆ(m2t − uˆ)2(m3t − uˆmt)2
(3)
+
f3
sˆm2t (m
2
t − uˆ)2m2W
+
32m4W
sˆ(m2t − uˆ)
+
κ˜2f4
m2tm
2
W
+
16sˆuˆf5
(m2t − uˆ)2
+
κ˜f6
sˆ(m2t − uˆ)m2W
]
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where g and gs are respectively weak and strong coupling constants and
mt, mW are the masses of top and W gauge boson and Vtb is CKM matrix
element. The explicit forms for fi (i = 1, ..6) in terms of Mandelstam
variables, κ and κ˜ are given in Eqs. (7-12) of the appendix.
3 Sensitivity analysis for anomalous gtt couplings
In this section, we study the total cross section of tW single top production
at the LHC and study the effect of CEDM and CMDM couplings on it.
Recently, CMS collaboration reported the measured value of cross section
of tW single top production at the center-of-mass energy
√
S = 7 TeV with
an integrated luminosity of 4.9 fb−1[3]:
σLHC(pp→ tW) = 16+5
−4 [pb]. (4)
This measurement is in agreement with the SM expectation 15.6±0.4+1
−1.2
[6]. The hadronic cross section for production of tW can be obtained by
integrating over the parton level cross section convoluted with the parton
distribution functions:
σ(pp→ tW) =
∑
ab
∫
dx1dx2fa(x1, Q
2)fb(x2, Q
2)σ̂(ab→ tW), (5)
where fa,b(xi, Q
2) are the parton structure functions of proton. The parame-
ters x1 and x2 are the parton momentum fractions and Q is the factorization
scale.
In this paper, we obtain the direct constraints on dipole operators in-
cluding top quark in the above effective Lagrangian approach. We consider
the total cross section of tW single top production at the LHC and study
the effect of CMDM and CEDM coupling on it. For this study, we consider
the relative change in cross section which is defined as:
R =
∆σ
σSM
=
σ − σSM
σSM
, (6)
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where σ is total cross section in the presence of CMDM and CEDM cou-
plings. The relative change in cross section of the single top production at
the LHC are shown in Fig. 2 and 3.
In these figures, we consider that only CMDM or CEDM coupling exists
and display the relative change in cross section of σ(pp → tW) versus κ
and κ˜. In Fig. 2-a, we have set
√
S = 7 TeV. In Fig. 2-b, as explained
in the caption, we have set
√
S = 10 TeV which might be measured in
ongoing run of the LHC. In the center of mass of energy 10 TeV, leading
order SM cross section of σ(pp → tW) have been obtained 38.8 pb [6]. To
calculate σ(pp→ tW), we have used the CTEQ6.6M [8], MSTW2008 [9] and
ALEKHIN2 [10] as the parton structure functions (PDF). The green curve
(dashed), the pink curve (line) and blue curve (dotted) are corresponding to
CTEQ6.6M, MSTW2008 and ALEKHIN2 structure functions, respectively.
An interesting observation from Fig. 2 and 3 is that the correction to
tW -channel cross section due to CMDM and CEDM is sensitive to the choice
of parton distribution function, in particular at large values of κ and κ˜. As
it is seen in these figures, different structure functions change the value of
σ(pp → tW) more than 10% for large values of κ and κ˜. Considering the
CTEQ PDF, the presence of κ or κ˜ can change total cross section more
than 10 pb. At small value in the range of [−0.2, 0.2], ∆σ(pp → tW)/σSM
is almost robust against the choice of PDF.
Fig. 2 demonstrates that the effect of the presence of CMDM can change
the total cross section more than 40% for κ = 0.4. The horizontal small
dotted (yellow dark), violet and dot-dashed (green) lines respectively corre-
spond to ±25%, ±10% and ±5% uncertainty in the measurement of σ(pp→
tW). As it was mentioned, the total statistical and systematic uncertainties
in the measurement of cross section for tW single top production at the
LHC is about 25% with an integrated luminosity of 4.9 fb−1 at center-of-
mass energy 7 TeV. With 10% uncertainty in future measurement of the
6
(a) (b)
Figure 2: a) ∆σ(pp → tW)/σSM versus κ. In this figure, we have set√
S = 7 TeV. The green curve (dashed), the pink curve (line) and blue
curve (dotted) respectively correspond to CTEQ6.6M [8], MSTW2008 [9]
and ALEKHIN2 [10] structure functions. b) Similar to Fig. a except that√
S = 10 TeV. The horizontal small dotted (yellow dark), violet and dot-
dashed (green) lines respectively correspond to ±25%, ±10% and ±5% un-
certainties in the measurement of σ(pp→ tW).
(a) (b)
Figure 3: a) ∆σ(pp→ tW)/σSM versus κ˜ for the center-of-mass energy of
7 TeV (left) and 10 TeV (right). Input parameters are similar to Fig. 2.
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total cross section, from Fig. 2 (3), we can put upper bound on κ (κ˜) down
to 0.14 (0.23). If in forthcoming run of LHC (in 10 TeV), we measure the
total cross section even with 5% uncertainty, we can constrain κ (κ˜) down to
0.09 (0.15). As it is seen in Fig. 3, in spite of CMDM (κ), the cross section
is symmetric with respect to κ˜ because CEDM coupling enters in the cross
section in even powers when κ = 0. Therefore, in this situation, the cross
section is not a CP violating observable.
Another observation from Fig. 2 is that the effect of presence of CMDM
(κ), in spite of CEDM (κ˜), can be destructive. If the total uncertainties in
the measurement of cross section is less than 5%, we can distinguish between
CEDM and CMDM effects.
In Figs. 4, red area depicts ranges of parameters space in CMDM (κ)
and CEDM (κ˜) couplings plane for which prediction of effective Lagrangian
(equation 1) on tW single top production at LHC are consistent with ex-
perimental measurements. When performing such study, one should take
into account constraints from other studies. There exist many direct and
indirect constraints on dipole operator. Presently, the most sensitive ob-
servable obtained from mercury and neutron EDM. In [5], it is shown that
the neutron EDM constrains the top CEDM to be κ˜ < 8 × 10−3. More-
over, the constraints from dHg and the top electric dipole moment, provide
weaker bound on κ˜. Furthermore, the CEDM and CMDM couplings of the
top quark directly affect on top pair production at hadron colliders [7]. We
have borrowed the results of LHC constraints which come from tt total cross
section on CEDM and CMDM of top from reference [5]. These results have
been shown in Fig. 4. In this figure green line depicts neutron EDM con-
straint on κ˜. Hatched cyan shaded area depicts the allowed region which
is consistent with tt total cross section at LHC. Yellow area shows allowed
region which is consistent with spectrum measurement of mtt at LHC. It
is remarkable that the allowed regions of top pair production cross section
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Figure 4: Red area depicts ranges of parameters space in CMDM (κ) and
CEDM (κ˜) couplings plane for which prediction of gluonic dipole effective
Lagrangian on tW single top production at LHC are consistent with ex-
perimental measurements. Green line shows neutron EDM constraint on κ˜.
Hatched cyan (Yellow) shaded area depicts allowed region which are con-
sistent with tt total cross section(spectrum measurement of mtt) at LHC.
Shaded area which depict tt-channel constraints have been borrowed from
[5].
and spectrum measurement of mtt at the LHC overlap with allowed region
of tW single top production at LHC. As it can be seen in this figure, tW
single top constraints on κ and κ˜ are stronger than direct constraints which
come from tt total cross section and spectrum measurement of mtt at LHC.
4 Concluding remarks
In this paper, based on the effective Lagrangian approach, we modify the SM
by the additional 5-dimensional operators which include the interaction of
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top quark with gluon and consider the effect of this Lagrangian in production
of tW single top. Coefficients of this Lagrangian are related to CEDM and
CMDM form factors. We consider the total cross section of tW single top
production at the LHC and study the effect of CEDM and CMDM couplings
on it. We have found the allowed regions in parameters space of CEDM and
CMDM in such a way that the experimental measurement of σ(pp→ tW) is
satisfied. We also investigate the effect of different PDFs on tW single top
production at LHC as a function of κ and κ˜.
We have shown that deviation of the tW -channel single top cross sec-
tion from the SM value is significant. We consider constraints on CEDM
and CMDM couplings which come from tt total cross section and spectrum
measurement of mtt at the LHC and compare them with our results. We
have shown that constraints on κ and κ˜ which arise from tW single top pro-
duction at LHC are comparable with the ones coming from tt production
at the LHC. It is notable that with the current tW cross section precision
measurement, tight bounds are obtained and therefore with more precision
measurements in future even more stringent limits than tt cross section could
be achieved.
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Appendix
Here, we list the formulas of fi which have been applied in calculation of
single top production cross section. Notice that mass dimension of fi are
not equal.
f1 = 16sˆm
2
t − 16κsˆm2t + 20κ2sˆm2t − 16uˆm2t + 24κ2uˆm2t
− 10κ2m4t − 16uˆm4t + 24κm4t + 32uˆ2m2t (7)
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f2 = (−4sˆκ2 − 32sˆκ+ 16uˆ)m8t + uˆ((16κ2 + 96κ + 32)sˆ + 48uˆ)m6t
+ uˆ2
((−24κ2 − 96κ− 64) sˆ− 80uˆ)m4t + uˆ3 ((16κ2 + 32κ + 32) sˆ+ 32uˆ)m2t
− 4κ2sˆuˆ4 − 16m10t (8)
f3 = 8m
10
t + (−16sˆ − 8uˆ)m8t +
(
8sˆ2 +
(
10κ2 − 16κ+ 16) uˆsˆ+ 8uˆ2)m6t
+ uˆ
((−10κ2 + 16κ− 8) sˆ2 − 8uˆ2 + (−20κ2 + 16κ− 16) sˆuˆ)m4t
+ (12sˆ + 10uˆ)κsˆκuˆ2m2t − 2κ2sˆ2uˆ3 (9)
f4 = −4m4w + (4sˆ + 4uˆ)m2w − 2sˆuˆ+m2t
(
2uˆ− 2m2W
)
(10)
f5 = −16sˆuˆ− 16κsˆuˆ− 24κ2sˆuˆ− 24κuˆ2 − 18κ2uˆ2
− 16uˆ
3
sˆ
+
4κ2sˆuˆ2
m2t
+
4κ2uˆ3
m2t
(11)
f6 = κsˆ[
(
8uˆ− 8m2W
)
m2t + uˆ (−8sˆ− 8uˆ) + (16sˆ+ 8uˆ)m2W] (12)
where s, t and u are Mandelstam variables, mt, mW are the masses of top
and W gauge boson. The parameters κ˜ and κ are, respectively CEDM and
CMDM couplings.
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